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Quercus sideroxyla is a wood species whose bark has phenolic compound and should be considered to be bioactive; the
hypoglycemic and genotoxic properties of Q. sideroxyla bark were evaluated in this study. Total phenolic compound was determined
in crude extract (CE) and organic extract (OE). The OE has the highest amount of phenols (724.1 + 12.0 GAE/g). Besides, both CE
and OE demonstrated effect over the inhibition of a-amylase in vitro. Hypoglycemic activity was assessed by glucose tolerance curve
and the area under curve (UAC); OE showed the highest hypoglycemic activity. In addition, diabetes was induced by streptozotocin
(65mg/kg) and the extracts (50 mg/kg) were administered for 10 days; OE showed hypoglycemic effect compared with diabetic
control and decreased hepatic lipid peroxidation. Acute toxicity and genotoxicity were evaluated in CE; results of acute toxicity did
not show any mortality. Besides, the comet assay showed that CE at a dose of 100 mg/kg did not show any genotoxic effect when
evaluated at 24 h, whereas it induced slight damage at 200 mg/kg, with the formation of type 1 comets.

1. Introduction diabetes, cancer, atherosclerosis, cardiovascular, and neuro-
logical disorders [9-11].

The efficacy of polyphenols on carbohydrate metabolism
and glucose homeostasis has been investigated in vitro,
in animal models and clinical trials [12]. The polyphenols
regulate the postprandial hyperglycemia through inhibiting
carbohydrate-hydrolyzing enzymes such as alpha-amylase
and alpha-glucosidase [13].

The origin of these bioactive compounds makes them

Quercus species have been used in Mexican traditional
medicine [1]; specifically Q. sideroxyla has antioxidant com-
pounds present in leaves [2] which decrease the levels of
inflammatory markers such as COX-2 and IL-8 by modulat-
ing the expression of NF-kB [3]. Ten different polyphenols
had been reported in the bark of this species [4], which are
bioactive phytochemicals [5], found in green tea and found

to possess hypoglycemic properties [6, 7].

Polyphenols are the most abundant dietary antioxidants
and are common constituents of many plant food sources,
including fruits, vegetables, seeds, chocolate, wine, coffee, and
tea; thus they have acquired significant interest [8].

Recent studies have shown promising results for these
compounds in various pathological conditions such as

safe for human consumption; however, some investigations
reported toxic effects caused by plants [14-16]. Therefore, it is
important to carry out toxicological and genotoxic assays [17],
to assess the risk/benefit of its therapeutic use in humans.
Therefore, the aim of this research was to evaluate
the hypoglycemic and genotoxic properties of polyphenolic
extracts from Q. sideroxyla bark in a diabetic murine model.
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2. Materials and Methods

2.1. Chemicals. Ethanol was purchased from Merck KGaA
(Darmstadt, Germany), and gallic acid, Folin-Ciocalteu,
streptozotocin, oc-amylase enzyme, and acarbose were
acquired from Sigma Chemical Co. All reagents were of ana-
Iytical grade.

2.2. Plant Material. The bark was collected at Pueblo Nuevo,
Durango, México. The samples were identified and botan-
ical specimens were deposited at the Herbarium CIIDIR-
Instituto Politécnico Nacional, Durango, with voucher num-
bers 42842, 428443, and 42844. The bark was mixed, to make
a unique sample, and then it was dried at room temperature
(24°C), milled (mesh 40), and finally stored in paper bags
under refrigeration until further use.

2.3. Extract Preparation and Purification. The bark powder
(10g) was twice soaked with 50% ethanol (ethanol/water
50:50v/v), (2 x 300mL) at room temperature for 24h,
with stirring, followed by filtration through Whatman no. 1
filter paper. The extracts were combined, filtered, and then
evaporated under vacuum at 40°C until ethanol was removed.
A portion of the remaining aqueous extract was taken to
dryness and identified as crude extract (CE), while another
portion was subjected to liquid partition with ethyl acetate
(3 x 100 mL). The organic phase was evaporated to dryness
under vacuum at 40°C and identified as the organic extract
(OE).

2.4. Evaluation of the Phenolic Compounds. The concentra-
tion of the total phenolic (TP) was determined by the Folin-
Ciocalteu colorimetric method with slight modifications [11].
Measurements were carried out in duplicate and calculations
based on a calibration curve were obtained with gallic acid.
The total phenolic concentration was expressed as milligrams
of gallic acid equivalents (GAE) per gram of dry extract.

2.5. a-Amylase Assay. The inhibition on alpha-amylase
enzyme was determined by Kwon et al. [18] method with
some modifications. The ICs, values were determinate by
linear regression analysis using four different concentrations
for acarbose (1000, 2000, 4000, and 5000 pg/mL), CE,and OE
(500,1000, 1500, and 2000 pg/mL) in triplicate. Acarbose was
used like drug reference and control, respectively. The reac-
tion was stopped with 1.0 mL of color reagent (contains the
mixture of dinitrosalicylic acid 96 M and sodium potassium
tartrate 0.005 M); results show mean of the data.

2.6. Animals. Healthy Wistar rats were obtained from the
Biorepository of the National School of Biological Sciences
(National Polytechnic Institute, México) and ICR mice were
obtained from PROPECIA S.A., México. All experiments
were approved by the Laboratory Animal Care Committee
of the National School of Biological Sciences (National Poly-
technic Institute, México) and were conducted in compliance
with the Mexican Official Standard (NOM—062-200-1999)
technical specifications for the production, care, and use
of laboratory animals. The animals were group-housed in
polycarbonate cages in a controlled environment at a constant
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temperature (21 + 2°C) with 12 h light/dark cycles and access
to food and fresh water ad libitum.

2.7. Evaluation of Hypoglycemic Properties in Healthy Rats.
The hypoglycemic activity was evaluated using a glucose
tolerance test in male Wistar rats weighing 300 + 10 g. The
animals were fasted for 12h before testing and basal blood
samples were obtained from the tip of the tail. Three groups
of 5 animals each received CE by gavage. One group received
50 mg/kg body weight (CE50), another group 100 mg/kg
body weight (CE100), and the last group received 200 mg/kg
body weight crude extract (CE200); in the same way two
groups of animals (n = 5/group) received OE at doses of
25 (OE25) and 50 mg/kg body weight (OE50) at time zero.
Doses were selected according to the content of phenols. After
fifteen minutes, all animals received an oral dose of glucose
(3 g/kg body weight) using a 35% solution. An additional
control group of 6 animals was given only glucose. At 0,
30, 60, 90, and 120 min after glucose administration, blood
glucose was measured using glucose test strips in glucometer
(Accu-Check Performa with Softclix, Roche) and then the
area under the curve was calculated to estimate the glucose
tolerance.

2.8. Hypoglycemic Effect in Diabetic Rats. The hypoglycemic
effect of the extracts was tested in male Wistar rats (5
animals/dose of extract) with previously induced type I
diabetes by intraperitoneal streptozotocin injection (STZ,
65 mg/kg of body weight, in citrate buffer, pH 4.4). Diabetes
was confirmed by measuring the glucose levels in blood
samples obtained of the tip of the tail, 24 hours after. Five
days later, animals received 50 mg/kg body weight CE and
OE of Q. sideroxyla for 10 days; doses were selected by
their hypoglycemic action that showed before section. Blood
glucose was determined with glucose test strips (Accu-Check
Performa with Softclix, Roche) and compared with a non-
diabetic control group and untreated diabetic control group.
After the animals were euthanized, fasted liver samples were
taken for lipid peroxidation assays.

2.9. Hepatic Lipid Peroxidation Assay. Oxidative stress levels
were evaluated by the concentration of malondialdehyde
(MDA) in the liver according to Rivera-Ramirez et al. [19].
The MDA concentration was calculated using the molar
extinction coefficient of 1.56 x 10> M ™" ¢cm™". The results
were expressed in mmol MDA/g tissue.

2.10. Acute Toxicity Study in Healthy Mice. Evaluation of the
toxicity of Q. sideroxyla bark extracts was made according to
Lorke [20]. Four groups containing healthy male ICR mice
(n = 3/group) received CE, at doses of 1000, 2000, 3000,
and 5000 mg/kg body weight. The toxicological effects were
expressed in terms of mortality expressed as LDs. Special
attention was directed to the observations of convulsions,
diarrhea, lethargy, and piloerection. The number of animals
dying during a period was recorded.

2.11. Genotoxic Assay. Thirty-six male mice weighing 25-30 g
were divided into six experimental groups of six animals each.
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TaBLE 1: Concentration of phenolic compound and ICy, of «-
amylase of CE of Q. sideroxyla bark extracts.

Extract/standard Cogg?iggig(fé /e) ICy, (ug/mL)
CE 551.0 + 8.1* 1979.3 + 1.2°
OE 724.1 +12.0° 1703.3+21.6°
Acarbose — 4030.1 +12.2°

Each value represents the mean of n = 4 + standard deviation. Different
letters between groups in each column indicate a significant difference (p <
0.05) assessed using the Fisher-LSD test.

The crude extracts were suspended in 1% Tween-80 aqueous
solution and it was administered by gavage at doses of 100
and 200 mg/kg body weight. The negative group received 1%
Tween-80 aqueous solution, and the positive control group
received an intraperitoneal injection of cyclophosphamide
(CPA) at 50 mg/kg body weight. The evaluation of DNA dam-
age was done by comet assay according to Almonte-Flores et
al. [21] at 4 and 24 hours, where it was evaluated by examining
100 randomly selected cells (50 cells per coded slide) per
animal. These cells were scored visually according to tail size
and grouped into the following four classes: class 0, no tail;
class 1, tail shorter than the diameter of the head (nucleus);
class 2, tail length 1-2 times the diameter of the head; and
class 3, tail length more than twice the diameter of the head.
The total comet score was calculated by the following equa-
tion:

Total comet = [(% of cells in class 0 * 0)

+ (% of cells in class 1 = 1)

@)

+ (% of cells in class 2 = 2)

+ (% cell in class 3 = 3)] .

2.12. Statistical Analyses. The results are expressed as the
mean and the standard deviation. One-way analyses of vari-
ance (ANOVA) were performed followed by multiple com-
parisons of the means with the Fisher-LSD test at a signifi-
cancelevel of ¢ < 0.5. The statistical analysis software package
(Statistica 7) was used for these analyses.

3. Results

The evaluation of phenols compounds of CE and OE from
Q. sideroxyla bark revealed that OE has a significant higher
concentration of these metabolites than CE (p < 0.05)
(Table 1). In the same table, the antidiabetic activity of CE
and OE extracts was demonstrated through their higher
inhibition (ICs, 1979.3 and 1703.3, resp.) of a-amylase activity
compared to acarbose (ICs, 4030.1).

In regard to the glucose tolerance test in rats, a similar
behavior is observed by the organic extracts (Figure 1(a)).
The extracts OE50, OE25, and CE50 significantly decreased
blood glucose levels (165.3 + 15.4mg/dLmin; 154.1 +
11.8 mg/dL min; and 189.1+14.9 mg/dL min, resp.) compared
with the control group (233.7 + 43.0 g/L min) (Figure 1(b)).

Both OE50 and OE25 showed a high antihyperglycemic
activity, and the former was chosen to be compared with
CE50; this is in order to observe the action of all compounds
in extract, as well as the effect of the extract with the selectivity
of components, using a solvent semipurification.

The effect of repeated oral administration of CE50 and
OE50 on blood glucose levels in STZ-diabetic rats is present
in Table 2. The OE50 showed a lowering effect on glucose in
diabetic rats, compared to diabetic control (p < 0.05), and
was more effective in reducing blood glucose than the CE50
(p < 0.05).

The evaluation of hepatic lipid peroxidation revealed that
the concentration of malondialdehyde (MDA) was signifi-
cantly higher in diabetic control (Figure 2). On the other
hand, the diabetic rats that received CE50 and OE50 have
reduced the concentration of MDA, in the case of OE50 even
to lower level than the healthy control (p < 0.05).

The administration in healthy rats of 5000 mg/kg body
weight of CE produced no mortality, so LD5, > 5000 mg/kg.
The animals did not manifest any sign of convulsions,
diarrhea, lethargy, or piloerection.

The results of the genotoxicity assay are shown in Table 3
and Figure 3. The test showed that the CPA group has the
highest levels of damage, according to comet class detected
(comet classes 2 and 3), while the negative control presented
a predominance of comet zero class.

In regard to genotoxicity, the evaluation of CE100 after
24h revealed no significant differences compared to the
negative control (p < 0.05); nevertheless CE200 after 4 h and
CE200 after 24 h showed light damage with the formation of
comets of type 1 and showed significant differences with the
negative control (p < 0.05).

4. Discussion

Total phenolic content in extracts of Q. sideroxyla bark (CE
and OE) differed and is significantly highest in OE (724.1
+ 12 GAE/g), which suggests that the solvent has a concen-
trating effect of these metabolites. Phenolic compounds as
gallic acid, catechin, epicatechin, gallocatechin, dimeric, and
dimeric procyanidins have been identified in Q. sideroxyla
bark [4]. Those polyphenols are bioactive phytochemicals
with antioxidant properties. Antioxidants are important in
preventing pathologies like diabetes, so low levels of plasma
antioxidants imply a risk factor for the development of the
disease [22].

This research demonstrates the inhibitory activity of the
CE and OE in a-amylase enzyme. We suggest that the effect
is due to the synergy of the phenolic compounds present
in the extracts, because the inhibitory activity of acarbose
on the enzyme was lower. Moreover, antioxidants have been
reported because of their capacity to contribute to the pre-
vention of type 2 diabetes through their anti-inflammatory
properties [23]; therefore both mechanisms antioxidant effect
and a-amylase inhibition could be summarized to produce
antihyperglycemic effect.

Inhibiting glucose uptake in the intestines may help
to control the blood glucose, since it is known that the
a-amylase is one of the main products of secretion from
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TABLE 2: Blood glucose levels during the study period in Wistar rats.

Group Blood glucose (mg/dL)

Day 1 Day 3 Day 6 Day 10
Control 89.6 + 5.1 92+86 100.4 £ 7.5 91 +£22.9
Diabetic 419.6 + 49.6* 4422 +36.7° 500 + 3.1° 500 + 0°
Diabetic + CE50 462 + 33.9° 397.2 +61.2° 465.5 + 33.3% 500 + 0°
Diabetic + OE50 397 + 10.4% 337.8 + 34.6° 372.6 + 7.5 414.2 + 62.5°

Data are expressed as mean + standard deviation; n = 5. a: significant difference versus control group; b: versus diabetic group (p < 0.05) in Fisher-LSD test.
CE50: crude extract at dose 50 mg/kg; OE50: organic extract at dose 50 mg/kg.

TAaBLE 3: DNA damage according to the comet assay for the assessment of the genotoxicity of polyphenolic extract from Q. sideroxyla bark.

Comet class

Treatment
Total 0 1 2 3
Blood sample (4 h)
Negative control 8+438 92.5+4.1 7+35 0.5+0.8 0+0
CPA (50 mg/kg) 67.3+6.9° 66 +3.1° 11.8 +3.3° 11 +2.4° 11.1 +1.0°
CE100 16.8 + 6.3% 85.8 + 4.9° 12.1 +3.5° 1.33+0.8° 0.66 + 0.8
CE200 39.5 + 6.2 69.8 +5.1° 225+ 6.0° 6 + 2.09%¢ 1.6 +0.8°
Blood sample (24 h)
Negative control 185+6.9 88.6 + 3.1 7.6+3.3 31+24 1.5+ 1.04
CPA (50 mg/kg) 140.3 + 21.2° 37.5 + 5.5% 11+6.2° 252+ 8.4° 26.3 + 6.3
CE100 213+6.1° 85.5 + 4.0° 9.1+0.7° 33+1.6° 1.8+14°
CE200 60 + 14.3% 55.3 + 5.9% 33.3+3.4% 73+4.0° 4+26°

Each value represents the mean of n = 6 observations + standard deviation. a: significant difference versus negative control group, b: versus CPA 50 mg/kg,
and c: versus CE100; (p < 0.05) LSD, comparing the treatments separately at 4 and 24 hours.
CPA: group treated with cyclophosphamide; CE100: group treated with crude extract at dose of 100 mg/kg; CE200: group treated with crude extract at dose of

200 mg/kg.
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FIGURE 1: Glucose tolerance test in rats (a). Area under the glucose curve (b). *p < 0.05, significant difference compared with the control
group. CE: crude extract at doses 200, 100, and 50 mg/kg; OE: organic extract at doses 50 and 25 mg/kg.
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FIGURE 2: Hepatic lipid peroxidation assay in diabetic rats treated with CE50 and OE50 extracts during 10 days. a: significant difference
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FIGURE 3: Comet assay images in cell blood of mice (400x). (a) Comet type 0, (b) comet type 3, (c) comet type 1, and (d) comet types 1 and 2.

glands in the pancreas and salivary glands, which play an
important role in digestion, by participating in the intestinal
absorption; it is believed that inhibition of these enzymes
can significantly reduce the postprandial increase in blood
glucose level, which is important in the treatment of diabetes
[24, 25]. For this reason, the bark of Q. sideroxyla could
be used as an effective treatment for the management of
postprandial hyperglycemia and to limit complications of
diabetes.

The antihyperglycemic activity of CE (50 mg/kgb.w.)
and OE (50 mg/kg/b.w.) in diabetic rats shows significant
differences in respect to the diabetic group. Besides that OE
can eliminate hyperglycemic peaks so as to maintain the
glucose levels to more stables levels. Despite the fact that CE
and OE showed a hypoglycemic effect at the beginning of the

treatment, this was lost in the case of CE as the treatment
continues. Thus, it is possible that inhibition of a-amylase
activity by phenolic compounds and the antioxidant effect
by compounds like catechin are mechanisms associated with
the pharmacologic properties from bioactive compounds of
Q. sideroxyla bark. The higher hypoglycemic effect shown by
OE could be explained by the higher concentration of phenols
compared to CE. It is necessary to do more experiments to
demonstrate that CE and OE extracts inhibit carbohydrate
absorption in gut.

Several studies have demonstrated that the administra-
tion of plant extracts containing phenols decreased glucose
levels by the presence of flavonoids such as quercetin and
catechin which promote a major hepatic glycogen storage
[26, 27]. Other possible mechanisms involve the activity



of procyanidin that inhibits the activity of carbohydrate-
hydrolyzing enzymes (found in results of a-amylase assay),
epicatechin that induces pancreatic 3 cell regeneration, and
catechin and phenolics acids that inhibit intestinal glucose
absorption mediated by GLUT 2 and SGLT1 [28, 29].

In diabetes, tissue damage is mediated by free radicals
by attacking membranes through lipid peroxidation. The
concentration of MDA reflects the degree of lipid peroxi-
dation, and the increase of MDA production plays a key
factor in the progression of diabetic pancreas damage [22, 30].
Therefore, a decrease in the peroxidation of fatty acids and
improved antioxidant status could contribute to prevention
of diabetic complications. In our study, the MDA levels
were higher in the diabetic control, in comparison with the
diabetic rats treated with CE and OE which decreased the
lipid peroxidation (p < 0.05). This can be explained by the
antioxidant effect of polyphenols present in both extracts,
which has been observed in other studies from plants [31, 32].

The toxicity results showed that CE100 was not consid-
ered a genotoxic agent in this study; however a low level of
genotoxicity was observed with CE200. Some studies showed
a dose-dependent relationship and even talk about the possi-
ble activation of different cellular pathways depending on the
tested dose [21, 33]. It has been shown that flavonoids have
effects against DNA damage induced by various genotoxic
agents, that is, principally by the ability to protect against
ROS produced and by the modulation of enzymes responsible
for bioactivation and detoxification of genotoxic agents.
A relationship has been reported between structure and
activity from flavonoids in the protection of genetic material
[34].

This research provides the first report on hypoglycemic
and genotoxic effect of the extract from Q. sideroxyla bark.
Polyphenols may explain this activity; however further stud-
ies focusing on the mechanism of action are required; in
addition the toxicological analysis of OE is necessary.

5. Conclusion

We conclude that extracts of Quercus sideroxyla bark at
doses of 50 mg/kg may be effective in reducing postprandial
hyperglycemia. However, CE extract at doses of 200 mg/kg
produces a low level DNA damage. It is necessary to do more
studies to evaluate its potential usefulness as an adjuvant for
diabetes treatment.
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